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The massive Lagrangian for W and Z is deduced from the canon-
ical massless one.
Let Wµ (µ 2 ft, x, y, zg) be a SU (2) Yang-Mills field:
Wµ =
[
W0,µ W1,µ − iW2,µ
W1,µ + iW2,µ −W0,µ
]
,
for a unitary transformation U :












Hence the Euler-Lagrange equations are the following:
∑
ν


















ν (W0,µW1,ν −W0,νW1,µ) + ∂µ∑ν ∂νW2,ν .
Let:
α0,µ,ν = ∂νW0,µ − 2g2 (W1,µW2,ν −W2,µW1,ν) ,
α1,µ,ν = ∂νW1,µ − 2g2 (W0,νW2,µ −W0,µW2,ν) ,














and (see 1 APPENDIX):
∑







ν (WµWν + WνWµ)W0,ν + 2g2
∑
ν (α1,µ,νW2,ν − α2,µ,νW1,ν) , (2)
∑







ν (WνWµ + WµWν)W1,ν + 2g2
∑
ν (W0,να2,µ,ν − α0,µ,νW2,ν)
and ∑







ν (WνWµ + WµWν) W2,ν + 2g2
∑




α0,µ,ν α1,µ,ν − iα2,µ,ν
α1,µ,ν + iα2,µ,ν −α0,µ,ν
]
then ∑







ν (WνWµ + WµWν) Wν − ig2
∑
ν (αµ,νWν −Wναµ,ν)
and the Lagrangian is:
2
L̂ = ∑ν (∂νWµ) (∂νWµ)− 4g22 (∑ν W 2ν )W 2µ+
+g22
∑
ν (WνWµ + WµWν)
2−
−ig2 ((∑ν [αµ,ν , Wν ]) Wµ + Wµ (∑ν [αµ,ν , Wν ])) .








Let Bµ be a Abel gauge field:

































(WµWν + WνWµ)W0,ν + 2g2
∑
ν







W0,µ + Λ (5)








































(g22 − g21)− 1pg21+g22 g2
)
Λ










∂νW0,µ = (2g2 (W1,µW2,ν −W2,µW1,ν) + α0,µ,ν) , (6)
∂νW1,µ = (2g2 (W0,νW2,µ −W0,µW2,ν) + α1,µ,ν) , (7)
∂νW2,µ = (2g2 (W0,µW1,ν −W0,νW1,µ) + α2,µ,ν) ; (8)
from (6):
∂ν∂νW0,µ = 2g2∂ν (W1,µW2,ν −W2,µW1,ν) + ∂να0,µ,ν =
= 2g2 (∂νW1,µW2,ν + W1,µ∂νW2,ν − ∂νW2,µW1,ν −W2,µ∂νW1,ν) + ∂να0,µ,ν ;
(9)
hence from (9), (7) and (8):
∂ν∂νW0,µ = 2g2
















W0,µ + (W1,µW1,ν + W2,µW2,ν) W0,ν
)
+















+4g22 (W0,µW0,ν + W1,µW1,ν + W2,µW2,ν)W0,ν+
+2g2 (α1,µ,νW2,ν − α2,µ,νW1,ν + W1,µ∂νW2,ν −W2,µ∂νW1,ν) + ∂να0,µ,ν ;
if
∑
ν ∂νWν = 0 then:∑







ν (WµWν + WνWµ) W0,ν + 2g2
∑















































































































































Bµ − g21 υ
2
2
Bµ
)  ,
from (10):
∑
ν
∂ν∂νZµ = −υ
2
2
1
g21 + g
2
2
(
g41 + g
4
2
)
Zµ − g1g2υ
2
2
1
g21 + g
2
2
(
g22 − g21
)
Aµ+
+
1√
g21 + g
2
2
(
g2Λ− g1
(∑
ν
∂ν∂νBµ + g
2
1
υ2
2
Bµ
))
and from (11):
∑
ν
∂ν∂νZµ = −1
2
υ2
2
(
g21 + g
2
2
)
Zµ−
− 1
2g1g2
1
g21+g
2
2
(g22 − g21)
(
g1Λ + g2
(∑
ν ∂
ν∂νBµ + g
2
1
υ2
2
Bµ
))
+
+ 1p
g21+g
2
2
(
g2Λ− g1
(∑
ν ∂
ν∂νBµ + g
2
1
υ2
2
Bµ
))
.
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